Introduction
This paper describes a new type of fast beam-bunch monitor with :t . 1 ns risetime, useful for studying relativistic electron beams.
The device is a coaxial vacuum photodiode looking dircclly at the whole spectrum of sylichrotron light from relativistic electrons in a bending magnet.
Principle
The synchrotron light from a relativistic electron beam1 causes copious electron emission when it strikes a metal surface, 3 f3ct well known to electron storage-ring designers. Pischcr and Mack2 have studied this effect at CEA, and, using their results, one mny easily calculate the sensitivity of a photodiude using this type of photoemission. Using the parameters for the SLAC storage ring SPEAR3 operating at 2 GCV (EC = 1.38 keV) and comparing the total synchrotron light photosensitivity to the visible-light sensitivity of a fast vacuum phototliode using the visible portion of the same rndintion, we find an approximate efficiency gain of 10. The efficiency of the monitor per degree of bend is calculrtted to be
The precision of the time-information impressed on the synchrotron light is a factor, Assuming a line beam in a bending magnet and line emission of the radiation tangent to the chord formed, we may draw lines of equal time, isochrons, at which all photons emitted by a given electron will nrrive at the same time (Fig. 1) . For electron and positron beams of interest, the velocity of the particles may be considered to be c. A photocathode aligned with an isochron would give optimum timing information, but the finite opening angle of synchrotron light and finite size of the particle beam blur this perfect resolution.
For the small phase space bezuns used at SLAC and for storage ring beams, this time blur is approximately .02 ns.
Photoemission is dependent on metal surface condition, and unless this can be carefully controlled, the photodiode cannot be considered 3 quantitative benm intensity monitor.
Construction Electronic Considerations
For fast risetime applications, the photodiode should be matched as directly as possible to a high-frequency transmission line.
The device operates directly in the vacuum of the accelerator or storage ring, so there must be a wideband vacuum window in the transmission line.
To reduce the electron transit time from cathode to the anode, a high voltage bias must be npylicd with respect to the cathode, and a highfrequency isolating capacitor used to isolate the rest of the transmission line (Fig. 2) .
End Structure
Idenlly, the working end of the device should appear as 3 perfect open circuit to the rest of the transmission line, with no lumped capacitance or inductance.
To reduce the transit time of photoemitted electrons, the anode should be close to the cathode, and this will produce high capacitance. Also, a simple squared-off end structure gives high-frequency ringing and distorted response. Useful structures have been found semi-empirically in this 13boratory.
*Work supyXXtcc1 by the U. S. Atomic Energy Commission.
Thermal Problems
If the photodiode is to be used in a high-current device such as a storage ring, there will be a considerable amount of heat deposited in the photoemitter.
This must be disposed of without introducing distortions or reflections.
In the SPEAR photodiode, the heat is conducted through a solid center conductor outside the vacuum, where it is dissipated by natural air convection through a perforated co,&31 line.
Coaxial Matching
To assure a simple, effective impedance match, the photodiode can be made to the dimensions of a standard coaxial line, and the signal t&en out through cornmcrcinll~ available high-frequency conxial hardw3re.
Prototype
A prototype photodiode matched to 60 .5? lino ~3s constructed and tested in the beam smitchynrd of the Stanford Linear Accelerator.
4 Figure 3 shows a photograph of the device.
Synchrotron radiation from a standard 30 bending magnet was used.
The Figure 4 shows the risetime, approximated at .l ns. The wiggles and ringing, shown more clearly in Fig. 5 , are due to a combination of ringing within the structure of the device and pre-and post-accelerator bunches not completely suppressed by the beam knockout. Predicted efficiency was 4 percent; measured efficiency :vas 1 percent.
The disparity is probably due to the extrapolation of data in Fischer and Mack'sl paper to very high critical energies.
Conclusion
High-frequency beam pickups genernlly suffer from mismatch problems due to structural limitations, and the further one must be from the beam, the worse these problems.
A synchrotron light monitor is not a direct pickup, for the higbfrequency information is modulated upon a much higher frequency subcarrier.
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